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We examined whether human monocyte-derived macrophages had low density l ipoprotein (LDL) receptors with a short life span. ] 'he human 
monocytic leukemia cell line, TI-IP-I, was highly differentiated when treated with phorbot ester. LDL  receptors degraded rapidly with half-lives 
of  3-4 h in THP- !  ceils before phorbol  ester treatment. During the transit ion into mon0g:ytic cells, expression of the LDL r~ptor  gone was not 
affected. Howe,~er, relative degradat ion rates of LDL receptors normalized by those of cellular total proteins were about twice as fast ~_r ph,~rbot 
ester-treated THP- i  ceils compared to untreated cells. 
Low density l ipoprotein receptor: Human monocytic leukemia THP-I  cell 
I. INTRODUCTION 
The  accumulat ion  o f  foam ce l l s  is an  impor tant  
cho les tero l - loaded s tep  fo r  a therosc le ros i s  [1,2] .  I t  has  
been proposed  that  human monocyte -der ived  macro -  
r , i l ages  s tore  cho les tero l  es ter  and  fo rm foam ce l l s  when 
exposed  to  nat ive  or  mod i f ied  low dens i ty  l ipoprote in  
(LDL) ,  but  mod i f ied  LDL  fo rms foam ce l l s  more  ef f i -  
c ient ly  than  nat ive  LDL  [2 -4 ] .  Go lds te in  e t  a l .  [3] have  
or ig ina l ly  demonst ra ted  a re levant  hypothes is  that  mac-  
rophages  express  scavenger  receptors  wh ich  can  recog-  
n i ze  acety ta ted  LDL  but  on ly  few receptors  by  nat ive  
LDL .  
The  human monocyt ic  leukemia  ce l l  l i ne ,  THP- I~  is 
a use fu l  mode l  ce l l  fo r  s tudy ing  foam ce l l  fo rmat ion .  
THP- !  ce l l s  a re  d i f fe rent ia ted  in to  macrophage- l i ke  
ce l l s  when s t imu la ted  w i th  phorbo l  es ter  [5]. THP- I  ce l l s  
degrade  nat ive  LDL  through the  LDL  receptor ,  but  the  
d i f fe rent ia ted  ce l l s  degrade  chemica l ly  mod i f ied  LDL  
such  as  acety la ted  LDL  and  lose  the i r  ab i l i ty  to  degrade  
the  nat ive  LDL  [6]. The  scavenger  receptor  wh ich  b inds  
acety l  LDL  is funct iona l  in  de l iver ing  cho les tero l  to  
phorbo l  es ter -s t imu la ted  THP- I  ce l l s  [7]. S ince  s imi la r  
leve ls  o f  nat ive  LDL  receptor  mRNA are  observed  in  
THP- I  ce l l s  be fore  and  a f te r  t reatment  w i th  phorbo l  
es ter  [g],  one  cou ld  a rgue  that  express ion  o f  nat ive  LDL  
receptor  is  decreased  in  the  d i f fe rent ia ted  human mac-  
rophages .  The  decreased  express ion  o f  nat ive  LDL  re -  
ceptors  might  be  due  to  post t ranscr ip t iona l  cont ro l  such  
as  s tab i l i ty  o f  mRNA or  metabo l i c  s tab i l i ty  o f  nat ive  
LDL  receptor ,  ra ther  than  t ranscr ip t iona l  cont ro l .  
Correspondence , ,dd,  ess: R. Hamanaka,  Department  o f  Biochemistry, 
Oita Medical School, H~-~sama-machi, Oit~ 879-55, Japan.  
We have  recent ly  repor ted  that  mouse  hmcr t , r , i :age-  
l i ke  J774 .1  ce l l s  have  metabo l i ca l ly  unstab le  LDL  re -  
ceptors  w i th  2 -3  h ha l f - l i ves  [9 ,10] ,  and  the  rap id  turn -  
over  o f  LDL  receptors  in  macrophagc . ,  appears  to  occur  
a f te r  ex i t ing  the  Go lg i  apparatus ,  po~, , :b l~ ,h , r in~ t rans -  
por t  o f  the  LDL  receptor  to  the  p lasma,  membrane 
[ I0 ,1  1]. In  th i s  s tudy ,  we  examined whether  :h i s  rap id  
turnover  o f  nat ive  LDL  receptors  is invo lved  in  de -  
c reased  express ion  in  human macrophages  der ived  f rom 
THP- I .  
2. MATERIALS  AND METHODS 
2. !. Cel l  lines and  culture 
Human monocytic THP- I  cells were cultured in RPMI-1640 
medium (Grand Island Biological Co.. Grand Island, NY) supple- 
mented with 5% fetal calf serum in the presence of 100 Mg/ml kana- 
mycin [5]. 
2.2. Maler ia ls  
l~S]methionine (618 Ci/mraol) and [0122P]dCTP (6000 Ci/mmol) 
were from New England Nuclear (Boston, MAt  proteinA-SepharosC 
was from Pharmacia Fine Chemicals (Uppsala, Swe4ien), phorbol  
t2-myristate,13-acetate (PMA)  ,','as from Sigma Chemical Co. (St. 
Louis, MO). Lipoprotein-depteted serur~ (LPDS) and human LDL 
were p_rel~red by qtrag~-ntrifugatlon using a standard technique 
I l l .12]. 
2.3. DNA probes 
Human LDL  receptor eDNA was obtained form Dis. D. Russell 
and J. Goldstein [13,14]. Transforming rowth factor-beta (TGFaS) 
eDNA was kindly donated by Dr. R. Derynck (Genentech, Inc., CA)  
[15] and human plalelet-derived growth factor-A chain (PDGF-A)  
eDNA was obtained from Dr. C. IBgtscholtz (Ulapsala Univ©rs~ty, 
Uppsala,  Sweden) l 16]. 
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mRNA synthes is  in THP- I  ce l ls .  THP- I  ce l l s  were  t reated  w i th  160 
nM PMA for  24  h.  Tota :  RNA was  ext racted ,  f raet ionated  on  a I% 
agarosc  ge l .  and  t raus fer rcd  to  a Nyt ron  f i l ter .  Nor thern  b lo t t ing  was  
per fo rmed wi th  -~2P-labeled PDGF-A .  TGF- f l ,  and  LDL  receptor  
(LDL-R)  eDNA_  28 S and  18 q rR , - 'qAs  were  presented  a f te r  s ta in ing  
w i th  e th id ium bromide .  
2 .4 .  Northertl blot analysia 
Northern  b lo t  ana lys i s  was  car r ied  out  ,as prev ious ly  descr ibed  
[17 .18] .  Tota l  RNAs  were  i so la ted  f rom THP- I  ce l l s  t reated  w i th  o r  
w i thout  PN IA ,  d i sso lved  in s ter i le  d i s t i l l ed  water ,  f rac t ionated  on  a 1% 
agarose  ge l  conta in ing  2 .2  ~ fo rmaldehyde,  then  t rans fer red  to  a 
Nyt ran  f i l ter  (Sch le icher  and  Schue l l ) .  The  f i l ter  was  hybr id i zed  to  
var ious  ; - 'P - labe led  DNA Orobes  in Hybr i so l  (Oncor )  fo r  24  h a t  42°C.  
Fhe  f i l ter  was  washed at  room temperature  in  2 x SSC (0 .3  M NaCI ,  
0 .03  M sod ium c i t ra te ,  pH 7.0)  and  0_1% SDS (sod ium dodecy l  
su l fa te ) ,  then  washed at  650C in 0 .2  ×SSC (0 .04  M NaCI .  0 .003  M 
sod ium c i t ra te ,  pH 7.0)  and  0 .1% SDS.  Autorad iography  was  per -  
fo rmed us ing  Kodak  XAR f i lm. 
2.5. Metabolic labeling, immut~oprecipitation, a d po~,aerylamide gel 
eleetrophoresix o f  LDL  recepzor and to~al cellular proteins 
The ce l l s  were  incubated  in mcth ion ine- f ree  MEM conta in ing  5% 
LPDS and 300 #Ci /ml  [3~S]meth ion ine  fo r  2 h.  Pu lse -chase  exper i -  
ments  were  per fo rmed as  fo | lows .  A f te r  2 h o f  labe l ing ,  ce l l s  were  
washed wi*,h PBS and  incubated  in 2 ml  RPMI -1640 medium conta in -  
ing  10% LPDS supp lemented  w i th  l mM un labe led  meth ion ine .  A f te r  
l PMA ( .M)  I o ..... I I 
Chaso  (hr )  I o l 1 3 1 o I o I 1 3 1 6 1 
LDL-R lb J~ I  ~ ~ ~ ~ " - "  
Fig.  2. Turnover  o f  [~SS]methionine-labeled LDL  receptor  in THP- I  
cells t reated w i th  o r  w i thout  phorbo i  ester. A f te r  incubat ion  w i th  o r  
w i thout  PMA 160 nM for  24 h in THP- !  cells, the cells were pulse- 
l abe led  fo r  2 h w i th  300/ iC i /ml  o f [~SS]meth ion ine  then  chased  fo r  the  
ind icated  t imes .  Immunoprec ip i ta ted  receptors  were  sub jected  to  SDS-  
PAGE and f luorography .  Ar row ind icates  the  LDL  receptor  
(LDL-R) .  
tne- 
I 
.._1 
¢-'i 
_.J 
._c 
.c_ 
r0 
E 
~L~ 
tO0~ 
50  
20 
I 0  
_ e 
0 
a . .  
.c_ 
r -  
E 
clb 
.m 
.>_ 
U 
qm 
°p  
December  1991 
50 
20 
I0 
1.0~ 
0.5 
o.2 
0.1  ! I I I I I I 
0 I 2 3 4 5 6 7 
Chase  (Hours )  
F ig .  3. Compar i son  o f  tu rnover  ra tes  o f  LDL  receptor  and  to ta l  
ce l lu la r  p ro te ins  be fore  and  a f te r  add ing  phorbo l  es ter  to  THP- i  ce i ls .  
(A )  Quant i f i ca t ion  o f  mature  LDL  receptor  remain ing  a t  each  t ime as  
presented  in  F ig .  2 was  0 lo t ted  by  dens i tometr i c  scann ing .  Remain ing  
LDL  receptor  ac t iv i ty  was  expressed  as  a percentage  o f  the  cont ro l  
va lue  w i thout  chase .  (B )  Ce l lu la r  p ro te ins  labe led  fo r  2 h w i th  [3SS]me- 
th ion inc  were  fu r ther  chased  fo r  var ious  per iods ,  and  rad ioact iv i ty  o f  
ac id - inso lub le  f rac t ions  was  deter rc t ined .  The  ce l lu la r  p ro te ins  remain -  
ing  were  expressed  as  the  perceotage  o f  cont ro l  va lue  w i thout  cha.~e. 
(C)  Spec i f i c  ac t iv i ty  o f  the  remain ing  LDL  receptor  is  expressed  by  
d iv id ing  each  va lue  o f  the  remain ing  receptor  in  (A)  by  that  o f  the  
re~na in ing  ce l lu laT  prote in  (B) .  Unt reated  (0 )  and  PMA- t reated  (©) 
THP- I  ce i ls .  
the  chase ,  the  ce l l s  were  so lub i l i zed  w i th  detergents  and  LDL  receptors  
were  immunoprec ip i ta ted  w i th  ant i -C  ant ibody  as  descr ibed  prev i -  
ous ly  [I 1 ,12 ,14] .  lmmunoprec ip i ta tes  were  e le r t rophoresed  on  6¢~ p.-'~ 
lyacry lamide  ge ls  and  f luorographod as  descr ibed  prev ious ly  [12 ,14) .  
LDL  receptor  leve ls  were  quant i f ied  by  dens i tometr i c  scann ing .  To  
fo l low degradat ion  o f  to ta l  ce l lu la r  p ro te ins ,  ce l l s  were  labe led  w i th  
[3 - 'S ]meth ion inc  fo r  2 h ,  fo l lowed by  a chase  w i th  un labe led  1 mM 
meth ion ine  as  descr ibed  above .  A t  the  ind icated  per iods ,  the  ce l l s  were  
so lub i l i zed  and  the  rad ioact iv i ty  in the  10~ t r i ch lo roacet ic  ac id - in -  
so lub le  f,  ac t ions  on  g lass - f iber  f i l te rs  was  determined.  
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3. RESULTS AND DISCUSSION 
Human monocyt ic  leukemia  THP- I  c~lls cou ld  d i f fe r -  
ent ia te  in to  macrophage- l i ke  cel ls in  the presence  o f  a 
phorbo l  ester  such  as  PMA [5]. Express ion  o f  LDL  
receptors  changes  dur ing  THP- !  cell  d i f fe rent ia t ion  
[6,7]. A la rge  number  o f  genes  are  speci f ica l ly  induced  
as monocytes  d i f fe rent ia te  in to  macrophages .  Expres -  
s ion  o f  both  PDGF-A  and  T<3F- f l  genes  is induced  in  
PMA- t reated  THP- I  cel ls [19]. We examined whether  
ce l lu la r  mRNA levels  o f  PDGF-A  and  TGF-fl genes  
were  a l te red  dur ing  the  t rans i t ion  f rom monocytes  to  
macrophages  under  our  cu l tu re  cond i t ions .  S teady-s ta te  
levels o f  PDGF-A  and  TGF- f l  mRNA were s igni f i -  
cant ly  inc reased  a f ter  exposure  to  PMA for  24 h (F ig .  
1). As  seen  in F ig .  1, s teady-s ta te  levels  o f  LDL  receptor  
mRNA were  not  inc reased  when t reated  w i th  PMA for  
24 h. Our  resu l ts  were  cons is tent  w i th  a prev ious  repor t  
[81. 
We then  examined metabo l i c  tu rnover  o f  LDL  re- 
ceptors  in  THP-1  cel ls be fore  and  a f te r  t reatment  w i th  
PMA.  F igure  2 demonst ra tes  the  apparent  express ion  
o f  nat ive  LDL  receptors  in  THP- I  cel ls  be fore  and  a f te r  
t reatment  w i th  PMA.  F igure  2 a l so  demonst ra tes  imi -  
la r  degradat ion  rates  o f  LDL  receptors  at  3 -4  h in 
THP- I  cel ls  be fore  and  a f te r  exposure  to  PMA (see a l so  
F ig .  3A) .  LDL  receptors  in  THP- t  cel ls  a re  very  un-  
s tab le  in  compar i son  w i th  human f ib rob las ts  and  o ther  
f ib rob las ts  [9,10,20].  I t  is l i ke ly  that  degradat ion  o f  cel-  
lu la r  p ro te ins  in  d i f fe rent ia ted  macrophages  proceeds  
more  s lowly  than  that  in  p ro l i fe ra t ing  monocytes .  We 
compared  the degradat ion  ra tes  o f  the  ce l lu la r  p ro te ins  
in  THP-1  cel ls  be fore  and  a f te r  PMA exposure .  The  
hal f - l i fe  o f  ce l lu la r  p ro te ins  in  THP- I  cel ls t reated  w i th  
PMA was  about  10 h, whereas  that  o f  unt reated  THP- I  
cel ls  was  about  5 h (F ig .  3B).  The  re la t ive  degradat ion  
ra te  o f  the  remain ing  LDL  receptor  is p resented  in F ig .  
3C.  The  turnover  ra tes  o f  LDL  receptors  in  THP- I  cel ls 
be fore  and  a f ter  PMA exposure  were  d iv ided  by  those  
o f  the to ta l  ce l lu! , t r  p ro te ins .  The  re la t ive  ac t iv i ty  o f  the 
LDL  receptor  showed that  LDL  receptors  o f  PMA-  
t reated  THP- I  cel ls  degraded two t imes  faster  than  
those  o f  unt reated  ceils. LDL  receptors  may be  more  
rap id ly  t ranspor ted  in  the Go lg i  apparatus  o f  phorbo l  
es ter - t reated  human macrophages ,  resu l t ing  in rap id  
degradat ion  o f  the  receptors  as we prev ious ly  repor ted  
[9,101. 
Hara  et al. [6] have  ind icated  that  the  degradat ion  
ac t iv i ty  o f  LDL  is d ramat ica l ly  abo l i shed  in  PMA-  
t reated  THP- I  cel ls.  However ,  the  prec ise  mechan ism 
for  the decreased  egradat ion  o f  LDL  is not  yet known.  
In  cont ras t ,  Auwerx  et al. [8] have  repor ted  that  ce l lu lar  
levels o f  LDL  receptor  mRNA are comparab le  in un-  
t reated  and  PMA- t reated  THP- !  cells, cons is tent  wi th  
our  data  in F ig.  1. The  decreased  b ind ing  act iv i ty  o f  the 
nat ive  LDL  in PMA- t reated  THP- I  cel ls might  be at  
least par t ly  due  to  a rap id  degradat ion  o f  the  nat ive  
LDL  receptor .  Fur ther  s tudy  is requ i red  to unders tand  
whether  the rap id  tu rnover  o f  the nat ive  LDL  receptor  
af fects  express ion  o f  mod i f ied  LDL  receptors  in human 
macrophages .  
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